Objective and Design: The earlier reports of disturbed gastric motility in protein energy malnutrition (PEM) point out to its possible contribution in the difficulties faced during nutritional rehabilitation. This study was thus designed to assess the ultrasonographic gastric emptying time (GET) using 20 ml/kg body weight of both liquid and semisolid meals, in 27 patients suffering from PEM as well as in 15 healthy matching infants to delineate any defect present, its degree in different types of PEM and the effect of nutritional rehabilitation. Patients: The patients were recruited from the in-patient department of Children's Hospital, Ain Shams University, Cairo, Egypt. They were divided into three groups: 10 marasmic infants, 10 marasmic kwashiorkor (marasmic KWO) and seven kwashiorkor (KWO) cases. Ultrasonographic GET assessment was carried out within 72 h of admission and 3077 days after nutritional rehabilitation. Results: The gastric half-emptying time T(1/2) of both liquid and semisolid meals was markedly prolonged in patients with marasmus and marasmic KWO. It was more delayed for the semisolid than the liquid meals. This delay was reversible after nutritional rehabilitation of the patients, indicating that it was secondary to the malnourished status. On the other hand, T(1/2) of both liquid and semisolid meals showed no statistically significant delay in the KWO group and nutritional rehabilitation added no further to the results. Conclusion: PEM, especially marasmus and marasmic KWO, causes a delay in GET, which is reversible on nutritional recovery. This must be considered during nutritional rehabilitation of such patients to decrease the duration of their hospitalization and thus decrease the morbidity in PEM. Sponsorship: This study was supported by a university fund from
Introduction
Approximately one-third of the child population suffers from protein energy malnutrition (PEM) worldwide, affecting mainly developing countries (De Onis et al, 1993) . Although there is some improvement in the prevalence of underweight and stunting in some regions of the world over the past two decades, the population of the developing world increased during this time, so the total number of underweight and stunted children has not changed dramatically since 1980 (Heird, 2004) . Thus, researchers are still concerned with undernutrition and malnutrition, especially the acute and severe forms and the problems resulting from their pathophysiological changes.
Disturbances of upper gastrointestinal tract (GIT) motor function are increasingly recognized in clinical practice either in the setting of an underlying disease that may affect the neurohormonal control of the gut or as a part of unexplained functional bowel syndromes. It is important to define clinically the motor function of the stomach in order to understand the basis of the patients' symptoms and to develop appropriate therapeutic strategies (Camilleri et al, 1991) . In 2000, Case et al emphasized that improvement of gastric emptying is on the top of the factors needed for achieving proper nutritional goals in critically ill patients.
In PEM, several morphological and functional alterations of the digestive apparatus have been reported. The stomach shows mucosal atrophy with decreased acid secretion (Adesola, 1968; Gracey et al, 1977) . In addition, Viteri and Schneider (1974) had reported that gastric dilatation is frequently observed among children with PEM, suggesting that stomach motility is affected. Studies describing delayed GET in children with PEM are few. Franco et al (1986) described delayed GET of a liquid meal in marasmic kwashiorkor (marasmic kwo) patients using the doublesample test meal, and this was reversible after recovery of the nutritional status.
Based on the above data, we hypothesize that the gastric dysmotility present in PEM and manifested by delayed gastric emptying, may interfere with the proper nutritional management, making GET estimation crucial in the plan aiming to achieve adequate nutritional status. Thus, the aim of this work was to study the T(1/2) ultrasonographically in different types of PEM to delineate any defect present, its degree and the effect of nutritional rehabilitation, hoping to decrease the morbidity among PEM patients.
Patients and methods
The present study included 42 infants recruited from the in-patient department of the Children's Hospital, Ain Shams University, Cairo, Egypt. In all, 27 of these cases suffered from PEM (11 male and 16 female infants with a mean age of 11.9776.03 months), the remaining 15 were healthy matching infants (5 male and 10 female infants with a mean age of 9.274.3 months). PEM patients were enrolled in the study after fulfilling a set of inclusion criteria. They all had dietetic errors as the cause of PEM (they suffered no chronic illness nor had any chromosomal or hereditary disorders that caused this malnutrition). They were free of any disease that would possibly affect the GIT function, for example, severe sepsis, gastroenteritis or any disease affecting the stomach. We also made sure that none of the patients was receiving any medication that is likely to affect the gastric motility such as metclopromide, domperidone, erythromycin, b-adrenergic agonists or beta blockers or had a nasogastric tube in place.
The 27 patients were categorized according to Wellcome's (1970) classification into three groups. The first group included 10 marasmic infants (five male and five female) with a mean age of 11.375.1 months. The second group comprised 10 marasmic KWO patients (three male and seven female patients) whose mean age was 12.776.4 months. The third group included seven KWO (three male and four female) cases with a mean age of 11.8576.56 months. All the studied cases were from low socioeconomic standard families according to Park and Park (1979) .
All patients spent a period of approximately 30 days in the pediatric ward for the initial phase of nutritional rehabilitation. After obtaining the approval of the ethical committee of the Children's Hospital, Ain Shams University, the nature of the study was explained to the parents or legal guardians and a written consent was signed, and then each case was subjected to detailed history collection, laying special stress on the dietetic history. The mothers or caregivers were asked to fill a questionnaire (written in simple Arabic language) concerning how and what they feed their babies since birth till the time of admission stressing on a 24-h recall of what the baby received. A thorough clinical examination with special emphasis on anthropometric measurements, as well as twice-weekly routine laboratory investigations, was performed for all the studied cases.
The cases as well as the control group were examined ultrasonographically to assess the T(1/2) based on measurement of the changes in the cross sectional area of the gastric antrum according to Bolondi et al (1985) . The examination was carried out after a period of 4-6 h fasting by using a realtime ultrasonography scanner (Sonolayer SSA-27OA) with a 3.5 MHz convex linear assay transducer. The measurements were taken by the same examiner and were repeated three times to make sure of its reliability. The cross-sectional area of the antrum was automatically calculated using the area ellipse of the ultrasound apparatus and was also calculated for confirmation by the following formula: p AB/4, where p is a constant 3.14, A the longitudinal diameter of the gastric antrum and B the antroposterior diameter of the gastric antrum (Bolondi et al, 1985) .
Ultrasonographic evaluation of GET was chosen in the present study as it was found to be reliable and offers a valid method in clinical practice compared to scintigraphic measurement whether with liquid (Marzio et al, 1989 and Irvine et al, 1993) or semisolid meals (Darwiche et al, 2003) . Moreover, it is safe, relatively cheap, easy to perform and does not require intubation or exposure to irradiation (Bolondi et al, 1985 and Marzio et al, 1989) .
The ultrasonographic examination was conducted using liquid meal (infant powdered milk formula) and was repeated using semisolid meal (milk þ rice þ high protein additive) on another occasion. Both types of meals were adjusted to provide a volume of 20 cm 3 /kg/feed and a caloric value of one-eighth of the daily needs that are approximately 100 kcal/kg/day for the control group and 120-150 kcal/kg/ day for the patients. Serial ultrasonographic antral images of a marasmic KWO patient are demonstrated in Figure 1 . The ultrasonographic evaluation was carried out in the first 72 h following admission according to the patients, general condition, then again after 3077 days of nutritional rehabilitation, which was performed according to WHO (1999) . Initially, management of life-threatening and emergency conditions was done and this comprised the first week, and then the start of feeding was supervised. Caloric intake was 80-100 kcal/kg/day, keeping in mind the continuity of breast-feeding in cases of breast-fed infants. The diet given was low in protein, fat and sodium, high in carbohydrates as almost all severely malnourished infants have infections, impaired liver and intestinal functions and problems related to electrolyte imbalance. Table 1 shows the recommended daily nutrient intake during the initial stage of treatment.
Rehabilitation stage followed with the return of the infant's appetite. The caloric intake was increased to 150-200 kcal/Kg/day with an increase in the amounts and decrease in the frequency. A high-protein diet was given and vitamins and minerals (potassium, magnesium and zinc) were continued in increased amounts. Iron was given during this stage to treat the existing anemia. The infant remained in the hospital for the first part of this rehabilitation phase (at least 3 weeks after admission), and then followed up in the nutritional rehabilitation out-patient clinic.
Statistical analysis of the results was performeed using the standard computer programs SPSS (version 10) and Statistica software package version 5 (Statsoft, Tulsa, OK, USA). Nonparametric data were detected using the Shapiro-Wilk test. ANOVA test was used to compare more than two parametric data (which if significant, was followed by one of the post hoc tests (LSD)), while the Kruskal-Wallis test was used to compare more than two non parametric data. To compare values before and after nutritional rehabilitation, the paired t-test was used for parametric data and Wilcoxon signed ranks test for nonparametric data. The numerical data were represented in mean 7s.e.m. Correlation studies were conducted using the Spearman rank order correlations. The differences were considered significant if the probability (P) values were less than 0.05.
Results
In the current study, the anthropometric measurements and the laboratory parameters were lower in the studied subgroups of patients compared to the controls (Table 2) . These values significantly increased by the time of the second examination of the followed up cases, yet it did not reach the control levels ( Table 3) . As regards the liver and kidney functions of all the studied PEM cases, they were within the normal range for age and sex according to Nicholson and Pesce, (2004) from the start of the study.
The mean T(1/2) was delayed in PEM patients when compared to the control group and the delay was more obvious with the semisolid than with the liquid meals. The maximum delay was noticed in the marasmic KWO group followed by the marasmic patients. A high statistically significant delay was observed between each of the marasmus and the marasmic KWO groups vs the KWO as well as the control group. Although the T(1/2) of the semisolid meal of the KWO group was more delayed than the control, this delay was not of statistical significance (Table 4) . Table 5 demonstrates that the delay in T(1/2) detected in marasmic and marasmic KWO groups was reversible and showed significant improvement after 3077 days of nutritional rehabilitation of the followed up patients. As for the KWO group, there was no delay in T(1/2) from the start, thus nutritional rehabilitation added no further to the results (P40.05).
Apart from the significant inverse correlations between the age and weight and the T(1/2) of both liquid (r values were -0.68 and -0.53, respectively) and semisolid meals (r values were -0.65 and -0.64 respectively) in the control group (Po0.05 for each), there were no other significant correlations between the studied clinical or laboratory parameters in PEM patients and the T(1/2) of both liquid and semisolid meals.
Discussion
The present study revealed a highly significant delay in T(1/ 2) in PEM patients, especially in the marasmic KWO and the marasmus groups, compared to the controls. Many macronutrient and micronutrient deficiencies, which commonly occur in PEM, could possibly explain this finding, for instance, the latent autonomic nervous system dysfunction caused by vitamin B12 deficiency (Yagci et al, 2002) . In addition, Weaver et al (1992) reported delayed GET in a case of nutritional carnitine deficiency.
Moreover, based on the physiological and pathophysiological aspects of GET in humans reviewed by Minami and McCallum (1984) , we can attribute the delay in T(1/2) among the studied PEM patients to many other factors, for instance, the decreased gastrin hormone level in PEM that was previously reported by Osman et al (1999) . This hormone stimulates the motor activity of stomach and thus has a strong influence on promoting the stomach emptying (Guyton, 1996) . Gracey et al. (1977) reported a reduction in gastric acid output in malnourished children in Indonesia, with a significant decrease in serum gastrin levels compared to the control group. In addition, the differences in T(1/2) between the studied groups can be explained by the degree of decrease in gastrin hormone in the different groups of PEM. Osman et al (1999) reported that the maximum decrease in gastrin level was found in the marasmic KWO followed by marasmus then KWO, which comes in the same sequence of the degree of delay in T(1/2) of our studied groups.
Another possible factor is the increased postprandial cholecystokinin hormone in malnutrition based on the work of Berthelemy et al (1992) . This hormone inhibits the proximal gastric contraction and hence adds to the delayed GET in PEM (Lieverse et al, 1994) . Also atrophy of the wall, musculature and the mucosa of the stomach in PEM (Stanfield et al, 1965) could be a contributing factor. The strength of antral contractions is one of the determinants of gastric emptying (Prove and Ehrlein, 1983) , thus these pathological changes in PEM would ultimately lead to delayed GET.
Our results come in agreement with Franco et al (1986) , who found delayed GET in marasmic KWO compared to the control. They attributed the delayed GET of 5% glucose solution to impaired glucose absorption due to mucosal damage (Waterlow and Alleyne, 1971) . This leads to the stimulation of duodenal osmoreceptors (Elias et al, 1968) . We can suggest a similar mechanism as disaccharidases, especially lactase, were reported deficient in PEM, thus lactose would stimulate the osmoreceptors in a manner similar to that by glucose (Dahlqvist and Lindquist, 1971; Bilir, 1972) .
On the other hand, Franco et al (1985) , found GET to be rapid in nine marasmic patients compared to their controls when measured 10 and 20 min after 5% glucose solution. They explained their finding by a defect in receptive relaxation of the stomach due to visceral neuropathy secondary to malnutrition (Clarke and Alexander-Williams, 1973) as well as reduced ganglion plexuses in the intestine (Viteri and Schneider, 1974) . These results are in disagreement with the present study, yet the studies showing reduced ganglion plexuses in the intestine did not discuss the intrinsic stomach innervations and thus should not be relied upon in explaining the delayed GET. Moreover, other types of PEM (assumed to have the same pathology) should have rapid GET, which is not the case in these studies. In addition, Franco et al. (1985) measured GET at 10 and 20 min after the test meal, but we assume that if they had reached T(1/2) they could have found results similar to ours. The present study revealed a more significant delay in T(1/ 2) when the liquid meals were replaced by semisolid ones. This means that on replacing liquid by semisolid rehabilitation foods we will be faced with the problem of slower GET, a finding previously reported by Achour et al (2001) , but on comparing liquid to solid nutritional rehabilitation food.
The disturbed T(1/2) detected in marasmic KWO and marasmic patients in the present study was reversible after 3077 days of nutritional rehabilitation, indicating that this delay was secondary to the malnourished status and its consequences and thus improvement of the general condition, the caloric intake, the macronutrient and micronutrient deficiencies was eventually coupled with reversal of the pathology. This comes in agreement with both Franco et al (1985 Franco et al ( , 1986 . Silang et al (2001) described a similar improvement in GET of chronic dialysis patients after correction of serum albumin but with simultaneous use of prokinetic drugs. Gryboski et al (1992) also reported such an improvement in GET in childhood chronic inflammatory bowel disease after nutritional rehabilitation. As for the KWO group, there was no significant delay in T(1/2) of the liquid meal from the start and thus nutritional rehabilitation added no further findings.
In conclusion, T(1/2) of both liquid and semisolid meals is markedly prolonged in patients with PEM, especially the marasmic KWO followed by the marasmic patients, and its time is more delayed for the semisolid than liquid meals. This finding was reversible after approximately 30 days of nutritional rehabilitation of the patients. Although T(1/2) of the semisolid meal only was delayed in KWO patients compared to the controls, yet this delay was not of statistical significance and nutritional rehabilitation added no further to this result.
We thus recommend the policy of small frequent meals during nutritional rehabilitation of marasmic KWO and marasmic patients, and to start with providing the needed calories in a liquid form rather than semisolid to enhance GET. This would lead to a better and faster nutritional rehabilitation, thus decreasing the duration of hospital stay with its consequent morbidity in PEM cases. We also recommend future researches for evaluation of GET using solid food as well as the use of prokinetic drugs in such patients to record any additional benefit. Po0.001 is very highly significant and P40.05 is non-significant.
